The management of downy mildew of onion requires frequent applications of protective and systemic fungicides. In order to reduce production costs, we evaluated a control strategy that integrated the use of resistant experimental cultivar and a disease warning system. Regardless of the type of management adopted, the experimental cultivar was always more productive. In turn, management based on the applications of protective fungicide was more effective. Considering only the value of the fungicide and using the resistant experimental cultivar, we had a cost of BRL 3.5 cents/kg for management only with Antracol®; BRL 10.7 cents/kg for management based on the warning system; and BRL 14.8 cents/kg for management only with Ridomil® Gold MZ. The integration of different control strategies for downy mildew can bring greater productivity and profitability to farmers.
Onion (Allium cepa) covered an area of 58,001 ha in the 2017/ 18 crop season in Brazil, resulting in a production of 1,719,412 t (IBGE 2017) . The southern region of the country is responsible for 63.69% of the national production, and it is in this region that downy mildew of onion, caused by Peronospora destructor, is the main foliar disease of the crop.
The management of downy mildew is carried out with weekly applications of fungicides, which in some crop seasons, do not show highly satisfactory control, and represent high costs for the farmers. Considering this scenario, Araújo et al. (2017a, b ) proposed a warning system that reduced the number of sprays by maintaining the phytosanitary quality of the crop. Additionally, Alves et al. (2018) conducted screening for downy mildew resistance and found two more resistant experimental cultivars ("Superprecoce -Agroecológica" and "Bola Precoce -Agroecológica"). Thus, this work aimed to integrate these two technologies as a management strategy for downy mildew of onion, in order to make the production process more profitable and sustainable.
The field assay was conducted in 2018 at Epagri/ Experimental Station of Ituporanga, Santa Catarina state, in the southern region of Brazil. All cultural practices were performed as recommended: soil pH~6; 100 kg of N/ha, 80 kg of P/ha, and 60 kg of K/ha (Epagri 2013; Kurtz et al. 2018) . The experimental plots were composed of 100 plants (five rows with 20 plants), arranged in a spacing of 0.40 m (between rows) × 0.10 m (between plants), simulating a density of approximately 250,000 plants per hectare. The experiment was arranged in a completely randomised block design using four replications per treatment, in the factorial design 2 × 3 (cultivar × type of phytosanitary management). Two cultivars were used: an experimental cultivar [called "Bola Precoce -Agroecológica", characterised as more resistant to downy mildew by Alves et al. 2018] , and the cultivar Empasc 352 -Bola Precoce, characterised as more susceptible. The three types of phytosanitary management were: 1spraying with systemic and protective fungicide (Ridomil Gold® MZ, Syngenta) according to the warning system (severe risk) proposed by Araújo et al. (2017a, b) , which is available on the Agroconnect platform (http://www.ciram.sc.gov.br/agroconnect/). It should be noted that in the week with no severe risk of downy mildew, only one protective fungicide (Antracol® 700 WP, Bayer) was sprayed, since the non-application of any product in the experimental plot could render the control unfeasible due to the climatic conditions of the region, which are extremely favourable to the occurrence of the disease; 2spraying with Ridomil Gold® MZ weekly, independently of the warning system; 3weekly applications of fungicide with protective action (Antracol® 700 WP, Bayer), regardless of the warning system.
The amount of active ingredient per hectare for all treatments were: 0.1 kg of metalaxyl-M + 1.6 kg of mancozeb when Ridomil Gold® MZ was applied; and 2.1 kg of propineb when Antracol® 700 WP was applied. The treatments were applied manually using pressure sprayers (SeeSa®, 2-l capacity), corresponding to spray volume of 500 L per hectare.
Onion seedlings were grown on soil beds (April) and were transplanted to the field approximately 60 days after sowing (during June). Downy mildew occurred due to natural infection, since disease outbreaks are frequent in the region. Sporangia and sporangiophores were incorporated into the work collection of phytopathogenic fungi of Phytosanitary Laboratory at Epagri/EEITU (code EITF 21), according to the preservation technique of freeze-drying (Laviola et al. 2006 ). Samples of P. destructor were also sent to the FLOR herbarium (FLOR 67946) located in Florianópolis, Santa Catarina, Brazil. Disease severity was assessed every 14 days (five evaluations), starting 42 days after transplanting. The severity was rated for each plot using a rating description scale (1-9), which assigns notes to the entire plot (Mohibullah 1991) . The values from scale notes of the experimental plots were used to calculate the area under disease progress curve -AUDPC (Shaner and Finney 1977) . Onion bulbs were harvested from the central rows of each plot, discarding single border rows, 121 days after transplanting. Only bulbs with diameter ≥ 35 mm were quantified as commercial bulbs.
The data were analysed using ANOVA and, in case of significance of the treatments, means were grouped with Scott-Knott cluster analysis (p = 0.05). The software Sisvar v. 5.6 (Ferreira 2011) was used for all analyses.
For the AUDPC variable, a significant difference was observed only for the factor cultivar (p value = 0.0004). The factor type of phytosanitary management (p value = 0.6923) as well as the interaction between the two factors (p value = 0.8277) were not significant. The experimental cultivar presented lower severity than the cultivar Empasc 352 -Bola Precoce, regardless of the type of management adopted (Table 1 ). In turn, the commercial yield was significantly different for the factor cultivar (p value = 0.0001) and for the type of phytosanitary management (p value = 0.0008). However, there was also no significant interaction between these factors (p value = 0.4851). The weekly application of Antracol® 700 WP resulted in higher yields, both for the more resistant experimental cultivar and for the cultivar Empasc 352 -Bola Precoce. Although there was no significant interaction between the factors, we chose to present Table 1 completely because there is relevant information about the cost of production. Yield values were similar for weekly applications of Table 1 Area under disease progress curve (AUDPC), commercial yield and production cost in experimental plots according to the cultivar and the type of phytosanitary management adopted, in Santa Catarina state, Brazil, to control downy mildew of onion (Peronospora destructor). Aaverage values of AUDPC and comercial yield for the factors cultivar and type of phytosanitary management. Baverage values of AUDPC and commercial yield in the unfolding of the factor type of phytosanitary management within the factor cultivar, and corresponding cost of production values The amount of active ingredients per hectare using Antracol® was 2.1 kg of propineb; and using Ridomil Gold® MZ was 0.1 kg of metalaxyl-M + 1.6 kg of mancozeb *Although there was no interaction between the factors cultivar × type of phytosanitary management, we chose to present the unfolding due to the importance of the values of cost of production Means in the same column and followed by the same letter did not differ according to Scott-Knott cluster analysis (p = 0.05) Ridomil Gold® MZ and for applications based on the disease warning system. However, there was a reduction of around 36% in the number of sprays with Ridomil Gold® MZ in the management based on the warning system (Table 1 ).
The warning system is intended for applications of fungicides with systemic action, since these are normally more expensive products. In addition, metalaxyl-M (the most commonly used systemic molecule to control downy mildew in the region) presents a high risk of selection of resistant strains (FRAC 2018) .
The integration of different control methods increases the chances of better management of plant diseases. This was observed by Didelot et al. (2016) when they integrated more resistant cultivars and the application of fungicides based on climatic parameters to control apple scab (Venturia inaequalis). These authors demonstrated better control efficiency and a delay in disease outbreaks after a five-year study. Warning systems need to be improved and updated routinely. Abuley and Nielsen (2019) integrated potato cultivars with different levels of resistance to early blight (Alternaria solani) into the TOMCAST model and observed that the thresholds of the model could be altered according to susceptibility of the cultivar. In the present study, we tried to integrate a new tool (cultivar less susceptible to downy mildew) to the system developed for the conditions of the state of Santa Catarina, Brazil.
Another issue that should be considered is the reduction in production costs (related to the application of fungicide) caused by the reduction in the number of sprays. The average price for application of the maximum dose of Antracol® 700 WP is around BRL 75.00 per hectare, while the approximate cost for application of the maximum dose of Ridomil Gold® MZ is BRL 312.00 per hectare. The fungicide Antracol® 700 WP presented an excellent cost-benefit ratio, since it is cheaper and presented the best productivities. However, 2018 had lower rainfall volumes than the local historical average, especially in October (historical average for the month of October = 147 to 200 mm; volume observed for October 2018 = 134.4 mm). Thus, in rainier years, application of fungicides with only protective action would not be recommended. When we compared the management based on the warning system and the weekly application (farmers routine), we observed, for both cultivars, that the sprays following the warning system presented better cost benefit (Table 1 ). In addition to the phytosanitary aspect, the cost of production should be considered in works that validate or use plant disease warning systems. Caffi et al. (2012) presented a reduction of expenditure of up to 161 euros/ha/year using an alert system for grapevine powdery mildew (Erysiphe necator) when compared to grower's spray program.
Additional strategies for the chemical control of downy mildew onion are necessary, since there are few molecules with high efficiency in disease control (Wordell Filho et al. 2007) . In this scenario, alternative products such as phosphites and acibenzolar-s-methyl have already been unsuccessfully tested (Araújo et al. 2017a, b) . However, given the extremely favourable climatic conditions and the high concentration of onion in the region (approximately 14,000 ha), the integration of control methods seems to be an alternative for the economically viable management of the disease. In addition, we are evaluating different fungicides and will evaluate other possible inducers of resistance (such as methyl jasmonate) in order to find alternatives for the management of downy mildew of onion.
